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A bstr a ct
Thispaperde s cri bes a m ethod forthein ve stiga蛙on of hydr o ogicalcha ngein clo s ed lakeby
u sings atellitedata, bathymetdc m ap, arld m ete or ologicalobs ervatio ndata･ The cha nge sfo rthe
la st abo ut30ye arsin w aterb alaJIC e Of AralSe a and Lake Balkhash w er e a nalyz ed indetail･ T he
effe ct of hum a n activitie sin the change of Aral Se a, a nd botheffe cts of hum a n activitie s a nd
natu ralclim ak v a riado ninthe change of I.akeBalkha sh w e repre s u m ed.
1. Itltr Odu ction
The w ate r ar e ain clo s edlakes which ar elo c adngin arid land ofthe As ia n a nd A fric a n
co ntin e nts ar e cha ngingbythein仇Ie n C e Ofthe e nviro n m e ntal change withintheirdrain age a re a･
Espe cially, m o st ofthe s elake sha v ebe e n rapidlycha ngedfo rthelast abo ut30 ye ars･ Anthors
showed that thehu m an a c丘vities and the clim ate variation alongtheinBow riv erhadthe effe ct
on dle re m arkble change ofthe w ater are ainlake sbas ed on the r e s ults of theinve stigationfor
change Situ atio nushlg S atellite data(Nakayam a et all 1994, 1995,1996)･ Ho w e v er, the
pre cise e x amination for the effe ct of hu m arl activite s or natu ral v a riatio n to也e cha nge of clo sed
lake and itsd min age 血℃ais n e c e ss aryto an alyze s atellitedata withgr o u nds ur veydatain detai1･
h thispape r, the r e m arkable changeinthe w ate rvolu m efor AralSe a and h ke B al kha s
ofc en d Asia w a sfirstly desc ribed bythe analysIS Of m ulti-te mporals atellitedata withthe
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bathym e山 c m ap, a nd next, the hydrologic alcha nge w as r epo rted o n c o mpa ringthe seres ults
with dieVada丘o n of m ete or ol gical obser v atio ndata･
2. An alys15 m ethod
2.I Water bala n c e of clo s ed lake
Ou rprevioi)s in v estigation u slng S atellitedata sho w ed that the w ater aTe a with about
66xlO
3
km
2
ofAr al Se a a ndthe o n ewithabout18xlO
3
km
2
of LakeBalkha sh at1960hadshrunk
to abo ut 67 %a nd 8 9 %托 SPe Ctivelyfor abo u t30yea rsafterw ards. On the otherh and, the
de cr e as eininno w v olu rn e c a u s edbyal e COn S u mptio n of rive rw ater w a sgr a sped be c a u s ethe
imigatio n fieldalo ngin瓜o wrive r enlarged(Nakay am aetd･ 1994).
The change oflakeha v ebe e nge n er allyde s cribedby m e a n s ofthe v ariatiorlirl W aterlevelirl
theprevio u s study. Ho w eve r, the m o red tailed inve stigatio n atthe viewpointof waterbalan c e
ispo s sible by an alyzingthe relationship am ongthe change s of w ater volum e,in8o w/o utflow and
evapor atio ninlake.
T he w ate rb alancein clo s ed lakeisdes cd beda sfollow s;
AqL=P しE L＋R＋G L (1)
wher e△QL is cha nge volu m e oflake w ater, R isinnow volum efr o mthe s u rfa c e, P La nd E L
are the calc ulad pre cipitado n and the e stim ated evapo r a丘onin water y e a u sl ng m ete o r ol gical
obs ervatio n data re spe ctively, arid GL is inflow/otltflo w v olu m e ofu ndergro u nd w ater･
W 釦ervolu m eQL is calcdated by w ater ar e aA 丘om a n alyz eds atellitedata a ndbathyme廿ic m ap
bas ed o n gr otlnds u rvey. T hen,
lakefo rthe period ofobjectye ar s･
P L= A xP
E L=A x E
△QL(=QL,-QL2) isgiverLbythe cha nged w ater volu m e of
P Larid ELar e e s也m ated as
(2)
(3)
whe reE isestim ated by usingP a nd A. G Lof equ atio n(1)isdif8c ult to obs e r v ein a ctu ality･
In this a n alysis, w e defined the cha nge s ofpre cipitatio n, e v apo r ation and in爪o w volu m e of
s u rfa c e o nlyaffe cted the charLge Of w ater volum e on the as su mptio nthatG Lw a s uncha nge able1
2.2 Data a nd a n alystspr o c edu r e
T be a nalyz edr e s ultsfor the changesin w ate r a re a of lake and v egetado n are aalo nginnow
riv e rsh･o m s atellite data and othe rso urc e shad been reported(NakayaJTla et al. 1994, 1995,
1996). T his pape rde s cri bedthe e stim atio n ofcha nge sin w ater volu m e arid w ate rlevel, and
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analysis of w aterb alan ceinlake sby usingthe im ages dete cted w ate r are a chiulge 恥 m s atellite
d血 a nd ba也 yme廿ic m ap･ ¶leflo w ofthis a nalystsis show nin丘gure1.
A bathym etdc m ap of Aral Se apr oduc ed bythefor m er U S S Randa corre cted bathym甜ic
m apof I･ake B al kha s ba s ed on the utilized do c um eTIt(Kurata eta. 1994)w e reused. The
isobathym ebic lin e s舟o m e a ch m ap w e re con vertedtodigital isobathymetricim age swith 250m x
250m m e shtypethr o ughthedigitizing pro c e s s･ T hes eim ages we re registel ed toge ographical
c orre cteds atelliteim age swith confo r malc o nic al pr oje ctio nby usingGCPs. T hu s,the water
le vel a nd volu m ein e a ch lake w e re c alc ulated, a nd its cha nge s w e rinv e stigated indetail by
c o mparingtheis oba血ym 甜ic im agesalthe obje ctye ar s.
T he e v apor atio nbas ed o nPenm a n m ethod(Kondo, I994)aJldthe calculatio n ofpre cipitatiorl
inlake w er e c a血 ed o ut using the w ater are adata 加 m satelliteim age and the m et or olgic al
obs er v atio n s丘o m data s ets of Wo rld Monthly Su rfa c eStatio nClim atologybyNatio n al Ce nter
fo rAtm o spheric Re s e&ch(N C AR)(Spangle r, 1990).
Final1y, the change s of w aterbalaJIC eirlA 血Se a and LakeBalkha sh ba s edon equ atio n(1)
w eredis c u ss ed withrefeming tothegraphs des cri bedthe relatio n shipa m ongthe changes of lake
w ater volu m e, evapo r atio n, pre cipitation on lake a re a a nd inno w v olu m e丘o m s urface,
Mo fe OVe r･ Autho rs m endo n ed the relationshipbetw e e nlake change a nde nviro n m e ntal cha nge
at a c on血 e ntals c alethro ughthe co mp打ativ e analysis ofm ete orolobc alobs e r vatio n s.
3･ Change in w ate r v olu m e of Ar alSe a a nd Lake Batk ha sb
¶le Cha ngesin w atervolu m e ofAralSea and l ake B al kha s andyzed withs atellitedata,
bathym e出c m apa nd other m aps w e red s cribedin 丘gu re2. T he s olid line and br oke nline sho心
the chazlge radon ofe a ch ye arto1960ofw ater v oltl me and are a re sp ctively, be c a u setheir
change sbefor e1960 indic ated tide.
The water a n ain 血alSe a a nd Lake Balkhash shra nkto abo ut57% a nd89 %re spe ctiv ely,
and thes e re spe ctive volu m edecre as edto unde r25% and about83 %. The changein volu m eof
Lake Bak hash indic atedc o mpar advely gr adual de cr ea se asw ella sthe shrinkage 血 w ater ar e a･
Espe cially, the cha nge w a s alittle within thelastafew ye a rs･ Ho w ever,itw a s clari 丘edthat the
W ater VOlu me of Ar alSe ahad be c om ele s stha n aquarter du e to m o re a mount of w ate rlo ss
thaJlthat of the as s u mptio n by the water area change･ Itis conside r ed that the diffe ren ce
betw e e nbothbasins, which ar ethe c o mplic atedreliefof botto m df Ar al Se ain c o ntra st withthe
shallow andgr adualone of Lake Balkha sh, affe cts e achchaJlge Situatio n･ T heim age sfor wate r
depth of AralSe a and Lake B al khas c ompo s ed ofsatellitedatainla nd andshade s c orre sI)Onding
todepth inlake are sho w ninFigu re3 a nd 4re spectively. The s e show tha thedepth dis山butio n
islargelydifferentinthe ea standthe w e stofthei nland in AralSe a,thatis, the de ep ge ographic al
fe atu re sinlake ofthe w e st ide c o ntra st with the shalo w o n eofthe eastside.
The abo v e re sult m e ntio n edthat the a nalysis u slng a Ctualw ate r volu me isimportant to
inveshgate the chaJlge ln W aterbala n c e ofclo s ed lakeindetail.
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4. Cha ngein w ate rbala n c e of AralSea and Lake Balk ha sb
4.1 Wate rbala n c e ofAr alSe a
Figu re 5 show s the w ater bala n c e of Ar由 Se abased Qn equ ation (I)using s atellite da ta,
bathyme出c m ap, geographic al info r m ation dat a a nd m ete orologicalobs ervations･ T he w ater
voltlm e and inqow fr om the s urfa c eindicate the r apid de c r e a sein c ontra st with alittle cha ngein
pre cipitatiola nd e v apo r ation o n thelake･ Onthe otherha nd,the inflow fro m su rfa c ehad
sho wn re m arkable de c re as e色.o1刀 thelatter h alfof 19701sto beginni ng Of 1980
'
s
,
which be c a m e
the te nde n cy ofgradual de crea s e sinc ethe n･ T he refo re, itis presum ed that m o stof de cre asein
lake w ate r volu m ew a s ca u s ed by the dec r e a s e of in凸ow fro m the s urfac e, ifthe cha ngein
inflow/o utflow ofu ndergrou nd is c ompar ativelyc o n stant.
T be pre cIPltado nin the drain age aJTe a Of last abo ut40ye ar s sho w ed thetendency of alm o st
un changed o r alitde in cre a s ein the s am e m a n n er a s that of un changed o r alitde rislng ln
te mperatu r e. In the abovepoints ofvie w wi ththe fa ct of theincre as ein the irrigated 丘eld
alo nginnow riv er s, it w a s cla ri丘edthatthe shrinkage of AralSe a w as m o st ftlle arti丘cial
effe ct and few e飴 ctbyn a,ttlralv ariation ･
4.2 Wate rbala n c eof Lake Ih lkll a Sh
Figur e6 show s the w aterbalanc e of Lake B alkhash ba s ed o n equatio n(1)usings atellite
data
,
bathym etric m ap, ge ographical infor m ation data and m e teorological obs e rvations. In
c o ntr astwith thegr adu alde c re a s e of w ate rvolu m e, 左1itde changeinpr e cipltatio nfo rthe la st
about 30ye a rs, a ndde c rease u nti1 the 血sthalfof1970
'
s a nd a littlein cr e a se sin c ethe ninthe
evapor atiorLareindic a ted. Mo r e over, the tende n cy of de cre a s eininflow waterb c a m e m or e
gradualafter the latte rh al fo 1970
-
s as c o mpa r ed with befo r ethe n. Be c a u s ethe pr e cipit atio n
inthedrain age a re afo rthe last abo ut 40ye arsisthetendency ofu n changeda ndthe te mper ature
is that ofa旭tde ris e, itis as s u m ed that the s ephe n o m e na affe ct the changein evapor atio n.
In c o n side ration of the above r e s ults with thefa ctfo r the expa n sio nin theirrigated Geld
alonginflow rive rs, it is as stl med thatthe hum an a ctivit es untilthe firsthalfof 1970
'
s and
natu ralv ariadon ofthegradualte mper ature rise wi th ale arti 丘cialo n e afte rthataffect the changein
hydr ologicale n vir o n m e nt.
5. Co n clu sion
ln this report, the changein w ater volu m e for the clo s ed lake s of Aral Se a a nd Lake
Bal k hash in arid a nd semi- aridr egio n W e r efirsdyc alc ulated byarlalyzingthe s atel ite im age s of
w ate r ar e a change with bathym etric m ap a nd ge ographic al info r m ation data. Ne 又t, the
hydr ologicalchange sin both lake s w e r e e x amin ed bythe in ve stigation ofthe w ater balanc e
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refemingto the m ete orologicalobs ervations. Ba sed orlthe res ults, authors w ere able-to
inve stigatethe detailed change sittlatiorl inlake w ater v olu m e, a nd dete ctedthe re m arkable
decre a s einthe volu m e of Aral Sea in especial. Ac c o rding to the above mentio ns, it is
c o n sider edthat the inve stigatio n of w ate rvolu m eisimportantto e x amin eale Waterbala n c eof
clos ed lakein aridands emi- aridr egl O n S･ - Mo r e o v er, the change in Ard Se a affe cted by
hum an a ctivi ties and die Change of I･ake Balkhash affe cted by hum an activitie s with nahlral
variadon we repre s u m ed thr o ughthe a ctualinvestigation ofw aterbala n c e.
The change in clo sed lake r e spo nds to the environ m e ntalcha nge within the drain age a rea
intensively, bec aus e alot ofvario u slake s, w ho s edrain age ar e as a re clo s ewith e ach othe r,
distri blltedin ari dands e mi-aridregio n s ofc ontin ents. T he refo re, it c a nbe c onside redthat the
change situ ation in clo s ed lake ha sthepo s sibilityto us edfo r a ninde 又 Of the cha ngein drairlage
a re a, and itbecom e s effectiveinfor mation fo rthe erlVironm ental change ofari da nd s e mi-arid
r egl OnS. T he continuo u sirlVeStigatioTl for changesin clo sedlake withthe la ndc over and s n ow
c overwi thin their drain age ar e aisimportaTlt tO m o nitorthe e n vir o n m e ntalchaJlge OfaridaJld
semi- aridr eg10 n S.
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